Introduction
Burkitt lymphoma (BL) is the first malignancy to be identified as being associated with viral infection, and viral infection demonstrates multiple steps in the development of malignancies (1, 2) . Epstein-Barr virus (EBV) was first identified in the 1960s (3) and later, in the 1980s, EBV was found to be able to inserted into the human genome at the site of the t (9:14) translocation, leading to c-MYC/Ig fusion and causing unlimited replication of the oncogene (4) (5) (6) . In addition to c-MYC, certain other genetic lesions have been identified, which have been found to contribute to tumorigenesis (6, 7) . Although the gene expression profile of BL is relatively homogeneous and different from that of other types of lymphoma, three classical variants of BL have been reported, including endemic BL, sporadic BL and immunodeficiency-associated BL (8) , and the microRNA (miRNA) expression profile is relatively consistent in each type of BL (9) .
miRNAs are a group of ~22 nucleotide-long non-coding RNAs, which can be expressed by all eukaryotes and by several viruses (10) . The transcription of miRNAs are generally catalyzed by RNA polymerase II to generate the precursor of the mature miRNA, termed the primary miRNA, which is sequentially processed by the RNase III enzyme, Drosha, in the nucleus to produce the pre-miRNA intermediate, and Dicer to yield the mature miRNA in the cytoplasm (11) . miRNAs have been reported to be involved in the control of various biological processes, including proliferation, apoptosis, cell cycle and differentiation (12) .
EBV encodes two clusters of miRNAs, which are differentially expressed in host cells with or without EBV infection (13) . In host cells, which are positively infected with EBV, the virus generates relatively high levels of the three viral pre-miRNAs encoded in the miR-BamHI fragment H rightward open reading frame 1 (BHRF1) cluster and 22 pre-miRNAs encoded in the miR-BamHI A region rightward transcript (BART) cluster (14) . In line with these findings, inactivation of the miR-BHRF1 cluster by mutagenesis markedly compromises B-cell transformation by EBV, and loss of all 22 miR-BARTs also has a significant impact on B-cell transformation (15) (16) (17) (18) . It has been reported that a member of the miR-BART cluster, EBV-BART-6-3p, targets interleukin-6 receptor (IL-6R) in the host cells, and impairs the immune system, which is responsible for the transformation of B cells and lymphomagenesis (19) . It has been found that, in addition to EBV-coded miRNAs, cellular miRNAs are also differentially expressed (19) . In the present study, computational analysis was performed to identify the potentially expressed miRNAs, which may also target IL-6R, and their combined effects on the expression of IL-6R and the immune system were examined.
Materials and methods
Sample collection. A total of 50 BL samples, including 26 EBV-positive cases and 24 EBV-negative cases, were collected from Xi'an Central Hospital (Xi'an, China) between September 2013 and September 2014. The 50 BL samples consisted of 28 males (median age, 21) and 22 females (median age, 19) for the present study. The diagnosis of BL was established by at least two experienced pathologists. The present study was approved by the Ethics Committee of Xi'an Jiaotong University (Xi'an, China). Written informed consent was obtained from all participants.
Re ve rs e t ra n s c r i p t i o n -q u a n t i t a t i ve p o l y m e ra s e c h a i n re a c t i o n (R T-qPC
R) a n a lys i s. M i RTa r G (mirtar.mbc.nctu.edu.tw), miRanda (www.microrna.org), TargetScan (www.targetscan.org) were used in the present study. Tissues were homogenized using an Ultra-Turrax T-25 digital homogenizer (Daigger Scientific, Chicago, IL, USA). TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used to isolate the total RNA, according to the manufacturer's protocol. An Oligo (dT) reverse transcription kit (Invitrogen; Thermo Fisher Scientific, Inc.) and 1 µg total RNA were used to synthesize cDNA. The cDNAs were then amplified by qPCR using a SYBR Green qPCR kit (Takara Bio, Inc., Tokyo, Japan) on an Applied Biosystems 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). DNA polymerase was purchased from Takara Bio, Inc. and the sequences of th preimers used were: 5'-GGT CAC GGG CAC TCC TTG GAT AGG TACC-3' and 5'-CCC AGT GAG CTC CAC CAT CAAA-3'. miR-197, EBV-BART-6-3p and IL-6R mRNA were examined. The cycle protocol was as follows: 5 min at 95˚C, 40 cycles of 30 sec at 95˚C, 30 sec at 58˚C and 60 sec at 72˚C. Dissociation curves were determined to evaluate the specific amplification of the PCR product. The 2 -ΔΔCq method (20) was used to calculate the relative gene expression, with GAPDH as an internal standard.
Western blot analysis. The lysates of the cultured cells or tissue samples were prepared using cell lysis reagent comprising 0.1% SDS, 1% Triton X-100, 130 mM NaCl and 50 nM Tris-HCl (pH 8.0) containing protease inhibitor cocktail (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) according to the manufacturer's protocol. Proteins were quantified using a BCA protein assay kit (Boster Biological Technology, Ltd., Wuhan, China). The proteins (30 µg/lane) were separated by 12% SDS-PAGE and transferred onto a nitrocellulose membrane (GE Healthcare Life Sciences, Little Chalfont, UK). The membranes were blocked with 5% dried milk for 60 min to avoid unspecific binding. The signals on the blots were then detected by incubation with anti-IL6R (cat. no. sc-374259; 1:5,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and anti-β-actin antibodies (cat. no. sc-47778; 1:10,000; Santa Cruz Biotechnology, Inc.) at 4˚C for 12 h. Secondary antibody conjugated to horseradish peroxidase (cat. no. sc-516086; 1:10,000; Santa Cruz Biotechnology, Inc.) was used for incubation at room temperature for 2 h with the blots, following which an ECL Western Blotting kit (Applygen Technologies, Inc., Beijing, China) was used for detection, according to the manufacturer's protocol. The relative density of the target bands on the blots was measured using desitometric analysis.
Cell culture. The ramos cell line was purchased from the Shanghai Cell Bank of the Chinese Academy of Sciences (Shanghai, China), and used for in vitro experiments. The cells were cultured in RPMI 1640 medium supplemented with 100 µg/ml streptomycin, 100 U/ml penicillin, 2 mM glutamine and 10% fetal bovine serum (FBS; Lonza, Walkersville, MD, USA) at 37˚C with 5% CO 2 .
Oligonucleotide transfection. The ramos cells were incubated in a 6-well plate (Greiner Diagnostic GmbH, Bahlingen, Germany) at 1x10 6 cells/well in 2 ml RPMI. Mimics of the cellular miR-197 and EBV-BART-6-3p were purchased from Shanghai GenePharma Co., Ltd. (Shanghai, China). When the cells grew to 70-80% confluence, the mimics or scramble controls were transfected into the ramos cells with transfectamin 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Briefly, the PTENCE cells seeded in 48-well plates at a concentration of 1x10 5 cells/well for 12 h, then Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used to transfect the cells with mimics of the cellular miR-197 and EBV BART-6-3p at 37˚C for 4 to 6 h.
Luciferase reporter assay. The full-length 3'untranslated region (3'UTR) of IL-6R was amplified and inserted into multiple restrictive sites between the poly (A) site of the psiCHECK-2 plasmid (Promega Corporation, Madison, WI, USA) and the firefly luciferase-coding sequence. The amplification was carried out at 98˚C for 60 sec, and followed by 30 cycles (98˚C for 30 sec, 58˚C for 30 sec, 72˚C for 120 sec), and 72˚C for 5 min on T100 PCR (Bio-Rad Laboratories, Inc., Hercules, CA, USA). A Quick Change mutagenesis kit (Stratagene, Heidelberg, Germany) was used to introduce mutations into the seed sequences of IL-6R. The ramos cells were seeded into a 96-well plate (5,000 cells/well) to evaluate the effects of miR-197 and miR-BART-6-3p on the expression of luciferase. After 24 h, the cells were co-transfected with a psiCHECK reporter vector containing IL-6R and oligo miR-197, EBV-BART-6-3p or scramble controls. At 48 h post-transfection, the cells were assayed for luciferase activity using a Dual-Glo luciferase reporter assay system (Promega Corporation). Renilla luciferase activity was used to normalize firefly luciferase activity for each experiment.
Statistical analysis. Student's t-test or one-way analysis of variance were used to analyze data. Statistical analyses were performed using SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference. All results are expressed as the mean ± standard deviation.
Results
IL-6R is a target of miR-197 and EBV-BART-6-3p. As a member of the IL family, the present study hypothesized that the IL-6R protein is involved in the EBV infection process.
By searching an online miRNA database, IL-6R was identified as a target of miR-197 and EBV-BART-6-3p with putative binding sites in the 3'UTR of IL-6R (miR-197 binding site, 2,838-2,845 bp; EBV-BART-6-3p binding site, 797-803 bp). As shown in Fig. 1A and B , miR-197 matched the 3'UTR IL-6R at 2,838-2,845 bp, whereas EBV-BART6-3p matched the 3'UTR of IL-6R at 797-803 bp.
Overexpression of cellular/EBV miRNA inhibits the expression of IL-6R. To confirm the association between the cellular/EBV miRNA and IL-6R, the present study performed a luciferase reporter assay with constructs containing wild-type and mutant IL-6R 3'UTR segments among groups of cells overexpressing miR-197 and EBV-BART-6-3p, respectively. As shown in Fig. 2A , the relative luciferase activity of the wild-type IL-6R 3'UTR was significantly downregulated, compared with the mutant IL-6R 3'UTR and negative control in the miR-197-overexpressing cells. In the cells overexpressing EBV-BART-6-3p, the wild-type and mutant IL-6R 3'UTR groups showed lower expression levels, compared with the negative control (Fig. 2B) . The above findings indicated that cellular miRNA-197 downregulated the expression of IL-6R via targeting the mRNA putative binding sites (2,838-2,845 bp).
miR-197 and EBV-BART-6-3p inhibit the expression of IL-6R
in EBV-positive cells. To verify the regulatory association between EBV-coded miRNA/cellular miRNA and IL-6R, the present study examined the expression of miR-197 and IL-6R using RT-qPCR and western blot analyses. As shown in Fig. 3 , the expression of miR-197 was markedly upregulated in the EBV-positive BL samples. Consistent with the differential expression of miR-197, the mRNA expression of IL-6R in the EBV-positive samples was lower, compared with the EBV-negative BL samples (Fig. 4A) . The protein expression of IL-6R, as determined by the relative density of the western blot target bands, was decreased in the EBV-positive samples, compared with the EBV-negative samples (Fig.4B) , indicating a possible negative regulatory association between IL-6R and miR-197/EBV-BART-6-3p.
Synergistic association between EBV-BART-6-3p and miR-197.
To verify the association between cellular miRNAs and EBV miRNA and their target, IL-6R, the present study 
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examined the mRNA and protein expression levels of IL-6R in ramos cells transfected with cellular miRNA mimics, EBV miRNA mimics, cellular miRNA and EBV miRNA, compared with the negative control. As shown in Fig. 5A , protein expression levels in ramos cells individually treated with miR-197 mimics or EBV-BART-6-3p mimics were mildly, but detectably downregulated, whereas the protein expression of IL-6R in the ramos cells treated with miR-197 and EBV-BART-6-3p together was markedly decreased, compared with the negative control. As shown in Fig. 5B , the mRNA expression in the ramos cells individually treated with miR-197 mimics or EBV-BART-6-3p mimics was marginally downregulated, whereas the mRNA expression of IL-6R in the ramos cells treated with miR-197 and EBV-BART-6-3p together was markedly lower, compared with that of the negative control cells.
The above findings showed that the effect of cellular/EBV miRNAs upon the target, IL-6R, was increased with the presence of cellular miRNA and EBV miRNA together, indicating the synergistic association between miR-BART6-3p and miR-197 on the expression of IL-6R.
Discussion
In the present study, cellular miR-197 was selected as the focus of investigation due to a previous report that it is differentially expressed and the observation that IL-6R is a virtual target of miR-197 and EBV-BART-6-3p (19) . In the present study, IL-6R was confirmed as a target of cellular miR-197 using a luciferase assay, and the negative regulatory association between miRNA (miR-197 and EBV-BART-6-3p) and mRNA (IL-6R) was confirmed by the observation that IL-6R was downregulated in EBV-positive BL, whereas miR-197 was upregulated. Additionally, mimics of EBV-BART-6-3p and miR-197 were introduced into lymphoma cells, and it was found that EBV-BART-6-3p and miR-197 synergistically reduced the expression of IL-6R. miR-197 has been found to be functionally involved in a number of human malignancies. It has been previously shown that dysregulation of miR-197 occurs in pancreatic cancer (21) , tongue cancer (22), thyroid cancer (23) and lung cancer (24) , which indicates that miR-197 has a general function in different types of tumor. In addition, previous studies have reported that the downregulation of miR-197 may lead to multidrug resistance in head and neck cancer cells (25) and colon cancer cells (26) , suggesting that miR-197 is crucial in the regulation of several signaling pathways, and is important in the development of chemoresistance and tumor progression. miR-197 has been reported to be involved in the control of oncogenesis via targeting various genes. miR-197 has been reported to be one of the important miRNAs involved in uterine leiomyoma (27) . Previous studies have shown that miR-197 is dysregulated in several tumor tissues and is associated with the proliferation and apoptosis of tumor cells. Du et al found that the levels of miR-197, a negative regulator of the expression of Fus1 in lung cancer is higher in non-small cell lung cancer cell lines and small cell lung cancer cell lines, compared with those in human bronchial epithelial cells (24) . Hamada et al (21) found that the expression of miR-197 is significantly upregulated in invasive ductal adenocarcinoma, and the overexpression of miR-197 in pancreatic cancer cells targets p120 catenin, which contributes to the induction of epithelial-mesenchymal transition. In addition, anti-miR-197 inhibits the migration of hepatocellular carcinoma cells by targeting kaingai 1/cluster of differentiation 82 (28) . In the present study, it was found that the expression of miR-197 was markedly upregulated in EBV-positive BL samples, compared with EBV-negative controls. In addition, IL-6R was identified as a target of miR-197 and EBV-BART-6-3p, with putative binding sites in the 3'UTR of IL-6R. Furthermore, using a luciferase assay, IL-6R was confirmed as a shared target of miR-197 and EBV-BART-6-3p, with the binding site of miR-197 located at 2,838-2,845 bp within the 3'UTR of IL-6R.
ILs are responsible for anti-inflammatory and inflammatory responses of the immune system, and control the migration, differentiation and growth of cells. Cytokines may be critical in the carcinogenic process as they act as 
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key regulators in the immune response. It is essential to maintain the balance between anti-inflammatory and inflammatory actions in order to protect tissues from underlying damage and to properly control the immune response (29) . The IL-6/IL-6R signaling pathway is critical for the regulation of acute-phase responses, immune reactions and hematopoiesis (30) . In addition, IL-6/IL-6R has been found to enhance the induction of lymphokine-activated killer cells (31) , promote the differentiation and growth of T cells (32) , and induce IgG secretion and B-cell differentiation (33) . IL-6R is a heterodimeric receptor, composed of the α subunit (p80), which is specific for IL-6 binding, and the β chain (gp130), which is the common transducer of different cytokines belonging to the IL-6 family (34) . The IL-6 receptor regulates key cellular processes, including cell proliferation, cell survival, and the response to host pathogens following the binding of the dimerized receptor with its specific cytokine (interferon-α, IL-12 or IL-27) (34, 35) . A previous study showed that IL-6R is downregulated in EBV-positive nasopharyngeal carcinoma primary tumors and determines the lack of activation of the Janus kinase 2/signal transducer and activator of transcription pathway following IL-27 release, resulting in impairment of natural killer cell function and immune surveillance (36) . It has also been shown that the downregulation of IL-6R in EBV-positive BL primary tumors and derived cell lines may be due to EBV-BART-6-3p, providing additional functional effects of EBV in evading the immune response and contributing to tumorigenesis (19) . In the present study, it was found that the mRNA expression of IL-6R in EBV-positive samples was lower, compared with that in EBV-negative BL samples, and the protein expression of IL-6R was notably decreased in the EBV-positive samples, compared with the EBV-negative samples. In addition, the protein expression levels in ramos cells individually treated with miR-197 mimics or EBV-BART-6-3p mimics were mildly but detectably downregulated, whereas the protein expression levels of IL-6R in the ramos cells treated with miR-197 and EBV-BART-6-3p were markedly decreased, compared with the negative controls, indicating the synergistic association between miR-BART6-3p and miR-197 on the expression of IL-6R.
Taken together, the results of the present study demonstrated that high expression levels of miR-197 suppressed the expression of miR-197 synergistically with EBV-BART-6-3p, which compromised the immune defense system and contributed to the tumorigenesis of BL. miR-197 and EBV-BART-6-3p may offer potential as novel therapeutic targets in the treatment of BL.
